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Abstract
Glucocorticoids represent the most important and frequently used class of drugs in the 
management of many inflammatory and immunologic conditions. Beside these beneficial 
effects, glucocorticoids are also associated with serious side effects. Cushing’s syndrome, 
adrenal suppression, hyperglycemia, dyslipidemia, cardiovascular disease, osteoporosis, 
psychiatric disturbances, and immunosuppression are among the most important side 
effects of systemic glucocorticoids. These side effects are especially noticeable at high 
doses for prolonged periods. Even in low-dose therapy, glucocorticoids could lead to 
serious side effects. The underlying molecular mechanisms of side effects of glucocorti-
coids are complex, distinct, and frequently only partly understood. This comprehensive 
article reviews the current knowledge of the most important side effects of glucocorti-
coids from a clinical perspective.
Keywords: glucocorticoids, systemic, mechanisms of actions, therapeutic use, side 
effects
1. Introduction
The term “glucocorticoids” (GCs) represents both naturally secreted hormones by adrenal 
cortex and anti-inflammatory and immunosuppressive agents. Since the successful use of 
hydrocortisone (cortisol), the principal glucocorticoid of the human adrenal cortex, in the sup-
pression of the clinical manifestations of rheumatoid arthritis, many synthetic compounds 
with glucocorticoid activity have been manufactured and tested [1]. The differences between 
pharmacologic effects of synthetic GCs (SGCs) result from structural variations of their basic 
steroid nucleus and its side groups. These structural variations may affect the bioavailability 
of SGCs. These include gastrointestinal or parenteral absorption, plasma half-life, and metabo-
lism in the liver, fat, or target tissues—and their abilities to interact with the glucocorticoid 
receptor and to modulate the transcription of glucocorticoid—responsive genes [2]. Structural 
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variations reduce the natural cross-reactivity of SGCs with the mineralocorticoid receptor 
(MR), eliminating the offending salt-retaining effect. In addition to these, some variations 
increase SGCs’ water solubility for parenteral administration or decrease their water solubility 
to improve topical potency [3, 4]. The main SGCs used in clinical practice together with their 
relative biological potencies and their plasma and biological half-lives are listed in Table 1.
GCs are 21-carbon steroid hormones. The delta-4,3-keto-11-beta,17-alpha,21-trihydroxyl con-
figuration is required for glucocorticoid activity and is present in all natural and synthetic 
GCs. Approximately 90% of endogenous cortisol in serum is bound to proteins, primarily cor-
ticosteroid-binding globulin (CBG) and albumin. Conversely synthetic GCs other than pred-
nisolone either bind weakly to albumin or circulate as free steroids, because they have little 
or no affinity for CBG. The free form of the GCs can easily diffuse through the membrane and 
can bind with high affinity to intracytoplasmic glucocorticoid receptors. GCs perform most 
of their effects owing to specific, immanent distributed intracellular receptors. Binding of the 
GCs to this receptor creates a complex, which then translocates into the nucleus, where it can 
interact directly with specific DNA sequences (glucocorticoid-responsive elements [GREs]) 
and other transcription factors. GCs are metabolized in the liver. The kidney excretes 95% 
of the conjugated metabolites, and the remainder is lost in the gut. Exogenous GCs have the 
same metabolic processes as endogenous GCs. The half-lives of synthetic GCs are generally 
longer than that of cortisol, which is approximately 80 minutes [8–13]. The mechanisms of 
actions of GCs are shown in Figure 1.
Glucocorticoids Equivalent 
dose (mg)
Glucocorticoid 
potency
HPA 
suppression
Mineralocorticoid 
potency
Plasma 
half-life 
(min)
Biologic 
half-life 
(h)
Short-acting
Cortisol 20.0 1.0 1.0 1.0 90 8–12
Cortisone 25.0 0.8 0.8 80–118 8–12
Intermediate-acting
Prednisone 5.0 4.0 4.0 0.3 60 18–36
Prednisolone 5.0 5.0 0.3 115–200 18–36
Triamcinolone 4.0 5.0 4.0 0 30 18–36
Methylprednisolone 4.0 5.0 4.0 0 180 18–36
Long-acting
Dexamethasone 0.75 30 17 0 200 36–54
Betamethasone 0.6 25–40 0 300 36–54
Mineralocorticoids
Fludrocortisone 2.0 10 12.0 250 200 18–36
Desoxycorticosterone 
acetate
0 20 70
Table 1. Glucocorticoid equivalencies (adapted from [5–7]).
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GCs are used in nearly all medical specialties for systemic therapies. GCs represent the 
standard therapy for reducing inflammation and immune activation in asthma, as well as 
allergic, rheumatoid, collagen, vascular, hematological, neurological disorders, and inflam-
matory bowel diseases. Also GCs are used in renal, intestinal, liver, eye, and skin diseases 
and in the suppression of the host-vs.-graft or graft-vs.-host reactions following organ 
transplantation. SGCs administered as replacement therapy in primary or secondary adre-
nal insufficiency (AI), and as adrenal suppression therapy in glucocorticoid resistance and 
congenital adrenal hyperplasia. They are also used for some diagnostic purposes, such as 
in establishing Cushing’s syndrome. Acute pharmacologic doses of GCs can be used in a 
small number of nonendocrine diseases, such as for patients suffering from acute traumatic 
spinal cord injury, with severe neurological deficits and bone pain even after surgery and 
critical illness-related cortisol insufficiency. In addition, all fetuses between 24 and 34 week 
gestation at risk of preterm delivery should be considered as candidates for antenatal treat-
ment with GCs. Benefits of GCs have been showed in a number of other patients including 
high-risk cardiac surgery, liver failure, post-traumatic stress disorder, community acquired 
pneumonia, and weaning from mechanical ventilation [3, 4, 6, 7, 9, 14–18]. Common clinical 
uses of systemic GCs are shown in Table 2.
This comprehensive article aims to highlight the common side effects of systemic (oral and 
parenteral) GCs. First of all, the mechanisms of action of GCs will be described. Then the side 
effects of GCs will be discussed along with the pathophysiological mechanisms. While this 
section was being written, current literature and databases have been utilized.
Figure 1. The mechanisms of actions of GCs.
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Field of medicine Disorder(s)
Allergy and respirology • Moderate to severe asthma exacerbations
• Acute exacerbations of chronic obstructive pulmonary disease
• Allergic rhinitis
• Atopic dermatitis
• Urticaria/angioedema
• Anaphylaxis
• Food and drug allergies
• Nasal polyps
• Hypersensitivity pneumonitis
• Sarcoidosis
• Acute and chronic eosinophilic pneumonia
• Interstitial lung disease
Dermatology • Pemphigus vulgaris
• Acute, severe contact dermatitis
Endocrinology • Adrenal insufficiency
• Congenital adrenal hyperplasia
Gastroenterology • Ulcerative colitis
• Crohn’s disease
• Autoimmune hepatitis
Hematology • Lymphoma/leukemia
• Hemolytic anemia
• Idiopathic thrombocytopenic purpura
Rheumatology/immunology • Rheumatoid arthritis
• Systemic lupus erythematosus
• Polymyalgia rheumatica
• Polymyositis/dermatomyositis
• Polyarteritis
• Vasculitis
Ophthalmology • Uveitis
• Keratoconjunctivitis
Other • Multiple sclerosis
• Organ transplantation
• Nephrotic syndrome
• Chronic active hepatitis
• Cerebral edema
Table 2. Common clinical uses of systemic GCs (adapted from [19]).
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2. Mechanism of actions
GCs affect many, if not all, cells and tissues of the human body, thus awakening a wide vari-
ety of changes that involve several cell types concurrently [20].
2.1. Gene transcription
Binding of the receptor to GREs may cause either enhancement or suppression of transcrip-
tion of responsive downstream genes. GCs inhibit the synthesis of almost all known inflam-
matory cytokines [21, 22].
2.2. Post-translational events
GCs also inhibit secretion and synthesis of inflammatory molecules (IL-1, IL-2, IL-6, IL-8, 
tumor necrosis factor, inflammatory eicosanoids, and cyclooxygenase-2) by affecting post-
translational events [23].
2.3. Effect on the distribution of blood cells
The administration of glucocorticoids predictably results in neutrophilic leukocytosis, dra-
matic reductions in circulating eosinophils and basophils, transient minor reductions in 
monocytes and total lymphocytes. Acute lymphopenia normalizes by 24–48 hours. GCs have 
no direct effects on erythrocyte and platelet counts. But anemia and thrombocytosis can heal 
with improvement of chronic inflammation [24, 25].
3. Changes in cell function and survival
3.1. Neutrophils
The most important effect of GCs on neutrophils is the inhibition of neutrophil adhesion to 
endothelial cells. This effect reduces trapping of neutrophils in the inflamed region and prob-
ably is responsible for the characteristic hematological change—neutrophilia. GCs at pharma-
cologic doses, only modestly impair neutrophil functions, such as lysosomal enzyme release, 
the respiratory burst, and chemotaxis to the inflamed region. Lower doses do not affect these 
functions [26, 27].
3.2. Monocytes and macrophages
GCs antagonize macrophage differentiation and inhibit many of their functions. GCs (1) supress 
myelopoiesis and inhibit expression of class II major histocompatibility complex antigens 
induced by interferon-γ; (2) block the release of numerous cytokines, such as interleukin-1, inter-
leukin-6, and tumor necrosis factor-α; (3) suppress production and release of pro-inflammatory 
prostaglandins (PGs) and leukotrienes; (4) suppress phagocytic and microbicidal activities of 
activated macrophages; (5) reduce the clearance of opsonized bacteria by the reticuloendothelial 
system; (6) reduce accumulation of monocytes and macrophages in the tissues [28–31].
Side Effects of Glucocorticoids
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3.3. Eosinophils, basophils, and mast cells
GCs support eosinophil apoptosis. In addition to this, GCs decrease the accumulation of 
eosinophils and mast cells to the allergic reaction sites. Also, GCs inhibit IgE-dependent 
release of histamine and leukotriene C4 from basophils, and they also inhibit degranulation 
both production of cytokines and degranulation of mast cells and eosinophils [26, 32, 33].
3.4. Natural killer cells (NKC)
Total numbers of circulating NKC are not significantly altered following administration of 
GCs. But, sustained upregulation of NKC activation genes were observed [34].
3.5. Endothelial cells
GCs have profound effects on the activation/function of endothelial cells and certainly inhibit 
vascular permeability. GCs inhibit directly the expression of adhesion molecules on both leu-
kocytes and endothelial cells. GCs inhibit endothelial adhesion, as well as indirect effects due 
to the inhibition of transcription on cytokines (interleukin-1 and tumor necrosis factor) which 
upregulate endothelial adhesion molecule expression [25].
3.6. T lymphocytes
Administration of the GCs causes a dramatic diminution of in vitro antigen responsiveness of 
T lymphocytes. The generation, proliferation, and function of helper and suppressor T cells 
and cytotoxic T cell responses are inhibited by GCs. These effects are due to the inhibition of 
the release of certain cytokines. GCs also inhibit the acute generation of both T helper type 1- 
and T helper type 2-derived cytokines by activated T cells. But the inhibitory effect on expres-
sion of T helper type 1-derived cytokines is greater [35–38].
3.7. B lymphocytes and immunoglobulin levels
GCs have gradual effects on B cell activation, proliferation, and differentiation. B lymphocytes 
are relatively resistant to the immunosuppressive effects of GCs in contrast to T lymphocytes. 
Once B cells are activated, they differentiate into immunoglobulin-secreting plasma cells. But 
GCs have only minimal effects on this differentiation process. The most important effect of 
GCs on B lymphocytes relevant with immunoglobulin production and secretion. GCs also 
increase immunoglobulin catabolism. A short course of treatment with GCs causes an evi-
dent and permanent decrease in serum IgG. In contrast, immunoglobulin E (IgE) levels may 
increase. Whether GCs inhibit immunoglobulin gene expression is not known. Consequently, 
low-dose GCs inhibits leukocyte traffic and cellular immune responses. But to suppress the 
functions of leukocytes and the humoral immune response, higher doses of GCs are needed. 
This variability of drug response is also obvious among different patients and diseases [39–43].
3.8. Dendritic cells and antigen presentation
GCs causes a significant reduction in circulating dendritic cells. Dendritic are the major stimu-
lants of naïve T cells by presenting antigens. As a result, GCs impair the development of 
immunity to first encountered antigens [44].
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3.9. Fibroblasts
At supraphysiological concentrations, GCs suppress proliferation of fibroblasts and growth 
factor-induced DNA synthesis and protein synthesis, including synthesis of collagen and 
glycosaminoglycan. Also GCs have been shown to interact with two mediators of fibropla-
sia; transforming growth factor-β and vascular endothelial growth factor. Furthermore GCs 
induce fibronectin messenger RNA transcription, inhibit interleukin-1, tumor necrosis factor-α-
induced metalloproteinase synthesis, and arachidonic acid metabolite synthesis [20, 28, 45, 46].
3.10. Prostaglandins
Suppression of inflammatory prostaglandins (PGs) is a major factor in the anti-inflammatory 
action of the GCs. The suppression of phospholipase A2 activity with GCs is mediated by the 
activation of inhibitors of the enzyme itself or by inhibition of enzyme synthesis. The glucocor-
ticoid-linked lipocortin/annexin family of proteins may be involved in this process. A second 
step in prostaglandin synthesis is the formation of prostaglandin H2 from arachidonic acid 
by enzymes called cyclooxygenases. The COX-2 gene and protein are strongly upregulated 
in endothelial cells, fibroblasts, and macrophages, and by mediators, such as endotoxin and 
interleukin-1. But GCs strongly suppress the expression of COX-2 induced by inflammatory 
stimuli. Later, D’Adamio et al. identified a glucocorticoid-induced leucine zipper (GILZ). GILZ 
is a member of the leucine zipper protein family which belongs to the transforming growth 
factor β-stimulated clone-22 family of transcription factors. GILZ inhibits inflammatory cyto-
kine-induced expression of COX-2, by this way mediates the anti-inflammatory effects of GCs 
[47–53].
4. Side effects of systemic glucocorticoids
Toxicity of GCs is one of the most common causes of iatrogenic illness associated with chronic 
inflammatory disorders. The side effects of GCs have been known for decades. But the exact 
risk-benefit ratio is incomplete and/or inconsistent, because usually it is difficult to differentiate 
the effects of GCs from the effects of the underlying accompanying diseases, other comorbidities, 
Onset early in therapy, essentially unavoidable
• Emotional lability
• Enhanced appetite, weight gain, or both
• Insomnia
Enhanced in patients with underlying risk factors or concomitant use of other drug
• Glucocorticoid-related acne
• Diabetes mellitus
• Hypertension
• Peptic ulcer disease
When supraphysiologic treatment is sustained
• Cushingoid appearance
• Hypothalmic-pituitary-adrenal suppression
• Impaired wound healing
• Myopathy
• Osteonecrosis
• Increased susceptibility to 
infections
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or the other medications. GCs associated side effects are dependent on both the average dose and 
the duration of therapy. Overall, it can be stated that prolonged application is a high-risk factor, 
whereas total dose is of secondary importance. Even in low-dose therapy, GCs could lead to seri-
ous side effects. The severity ranges from more cosmetic aspects (e.g. teleangiectasia, hypertri-
chosis) to serious disabling and even life-threatening situations (e.g. gastric hemorrhage). Single 
or multiple side effects can occur [12, 54, 55]. The side effects of GCs are the major limiting factor 
for the use of these agents. An overview of the most common and serious side effects of GCs is 
summarized in Table 3.
5. Adrenal insufficiency (AI)
The most common cause of AI is the chronic administration of high doses of GCs. This is called 
iatrogenic or tertiary AI. Exogenous GCs causes a significant suppression of the hypothalamic-
pituitary-adrenal axis (HPA) even in small doses for only few days. Consequently, the adrenal 
cortex loses the ability to produce cortisol in the absence of adrenocorticotrophic hormone 
(ACTH). When the suppression of ACTH levels prolonges, this situation causes atrophy of the 
adrenal cortex and secondary adrenal insufficiency. The use of systemic GCs results in higher 
systemic levels of corticosteroids than in cases of compartmental use, as a result leads to higher 
percentages of AI. Adrenal suppression is more likely in the following situations: (1) longer 
duration of treatment. The influence of smaller doses over longer durations is highly variable. 
After long-term systemic therapy with GCs (more than 1 year), AI has to be expected in 100% 
of the patients. (2) Supraphysiologic doses, stronger formulations, and longer acting formula-
tions (Table 4). If the patients are taking doses of prednisone of ≥20 mg daily for ≥3 weeks, this 
situation should be considered as adrenal suppression. AI lasting for more than 4 weeks has 
been demonstrated after treatment with high-dose dexamethasone for 28 days [57–64].
Adrenal suppression is less likely in the following situations: (1) regimens that mimic the diur-
nal rhythm of cortisol (higher dose in the morning, lower dose in the afternoon) and (2) alter-
nate-day dosing of steroids. The possible risk of this side effect is unknown. At the same time, 
individual responses to GCs may be highly different. The clinical presentation of AI is variable; 
many of the signs and symptoms are non-specific and can be mistaken for symptoms of inter-
current illness or the underlying condition being treated with GCs. Signs and symptoms of AI 
Delayed and insidious, probably dependent on cumulative dose
• Atherosclerosis
• Cataracts
• Fatty liver
• Growth retardation
• Osteoporosis
• Skin atrophy
Rare and unpredictable
• Glaucoma
• Pancreatitis
• Pseudotumor cerebri
• Psychosis
Table 3. The most common and serious side effects of GCs (adapted from [56]).
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and adrenal crisis are listed in Table 5. AI often occurs when the exogenous GCs are withdrawn 
too rapidly or, in the case of stressful conditions (e.g. surgery and infection), when higher levels 
of GCs may be required. In addition to AI and adrenal crisis decreased ACTH level related with 
the suppression of the HPA axis, leads to reduced general steroid-hormone production. This 
situation favors further side effects, such as hypogonadism and osteoporosis [55, 65–68].
Dose Definition
Low dose
Medium
High
Very high
Pulse therapy
≤7.5 mg prednisone equivalent/day
>7.5 mg but ≤30 mg prednisone equivalent/day
>30 mg but ≤100 mg prednisone equivalent/day
>100 mg prednisone equivalent/day
≥250 mg prednisone equivalent/day for 1 day or a few days
Prednisone or prenisolone 5 mg≈/hydrocortisone 20 mg≈/dexamethasone 0.75 mg.
Table 4. The supraphysiologic dosing and interconversion of SGCs (adapted from [66, 67, 69]).
Adrenal suppression •Weakness/fatigue
• Malaise
• Nausea
• Vomiting
• Diarrhea
• Abdominal pain
• Headache (usually in the morning)
• Fever
• Anorexia/weight loss
• Myalgia
• Arthralgia
• Psychiatric symptoms
• Poor linear growth in children
• Poor weight gain in children
• Clinical signs of Cushing syndrome
Adrenal crisis • Hypotension
• Decreased consciousness
• Lethargy
• Unexplained hypoglycemia
• Hyponatremia
• Seizure
• Coma
Table 5. Signs and symptoms of adrenal insufficiency and adrenal crisis (adapted from [72]).
Side Effects of Glucocorticoids
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5.1. Steroid withdrawal or adrenal insufficiency?
When GCs are tapered and their effects decline, patients might experience lethargy, myalgias, 
nausea, vomiting, and postural hypotension. In this situation, increasing the dose of GCs to 
prevent AI may delay recovery of the adrenal function. The treatment plan should be made by 
evaluating the risk/benefit ratio. At this point, patients may just need reassurance, symptomatic 
treatment, or if necessary, a brief (1-week) increase of the previous lowest dose, followed by 
reevaluation. Maximal caution is advised with any taper. Fortunately, the adrenal cortex repairs 
the ability to secrete sufficient amounts of cortisol for some period of time. Repair of endog-
enous cortisol secretion is expected after stopping the exogenous GCs. But the recovery time 
may vary among patients. The inhibition of the HPA axis function induced by exogenous GCs 
may persist for 6–12 months after treatment is withdrawn. In conclusion, all patients using GCs 
are at risk for AI. Clinicians should inform patients about the risk, signs, and symptoms of AI; 
and consider testing patients after cessation of high dose or long-term treatment with GCs [68].
6. Weight gain and lipodystrophy
GCs have reciprocal effects on adipose tissue metabolism, promoting both lipolysis and lipo-
genesis/adipogenesis, inducing irregularity of adipose tissue distribution (i.e. lipodystrophy). 
These effects are shown in Figure 2 (adapted from [69]). About 60–70% of patients treated with 
GCs for a long-term period report weight gain. This is different from classical weight gain. A 
central hypertrophy of adipose tissue develops. Characteristic findings are facial adipose tissue 
(moon face), truncal obesity and dorsocervical adipose tissue (buffalo hump). In contrast, periph-
eral and subcutaneous adipose tissues get thinner. This specific changes are called Cushingoid 
features and related with lipodystrophy induced by GCs. Weight gain is the most common 
self-reported side effect. About two-thirds of patients exhibit Cushingoid features within the 
Figure 2. Mechanisms of glucocorticoid-induced weight gain and lipodystrophy.
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first 2 months of therapy with GCs. These side effects are dependent on both the dose and dura-
tion of GCs. The risk of weight gain increases from the use of 5 to 7.5 mg per day of prednisone 
(or an equivalent). The risk of these side effects are higher in younger patients, females, those 
with a higher baseline body mass index, those with a higher initial caloric intake (>30 kcal/kg/
day), and those with a baseline higher leptin and lower resistin levels. More importantly, these 
side effects are related with high blood pressure, blood glucose and triglyceride levels, and low 
high-density lipoprotein cholesterol levels (cardiovascular risk factors). Therefore, treatment 
with GCs increases the risk of coronary heart disease, cardiac insufficiency, and stroke [70–74].
7. Cardiovascular disease
GCs have complex, and often conflicting, influences on cardiovascular disease (CVD) and car-
diovascular risk. Patients chronically using exogenous GCs are at higher risk of CVD, such as 
coronary artery disease, heart failure, and stroke. In patients with rheumatoid arthritis, chronic 
obstructive pulmonary disease, and other conditions who were exposed to chronic exogenous 
GCs, a case-control study found a dose-response relationship between daily glucocorticoid 
dose and the risk of heart failure. The risk of ischemic heart disease was also increased. Patients 
taking ≥7.5 mg of prednisone per day or the equivalent had a significantly higher mixed risk 
of myocardial infarction, angina, coronary revascularization, hospitalization for heart failure, 
transient ischemic attack, and stroke. Exposure to GCs within the preceding 6 months was 
related with increased cardiovascular risks. The risks were higher with continuous use than 
intermittent use. The relationship between cardiovascular risk and GCs is confounded by the 
underlying inflammatory disease (e.g. rheumatoid arthritis and systemic lupus erythemato-
sus). Because of chronic inflammation and treatment with higher doses of GCs, chronic inflam-
matory conditions may further increase the incidence of CVD. This increased risk is cumulative 
and dose-dependent, is mainly observed during the first month of treatment and is reduced 
when treatment is interrupted. In patients with inflammatory arthritis, increased mortality 
from heart disease has been established. Moreover, an association between GCs and the risk for 
atrial fibrillation and flutter has been established by several studies. Pulse GCs are additionally 
related with CVD. Sudden death caused by pulse dose GCs has been reported. But this tends to 
occur in patients with underlying CVD. Therefore, patients with underlying severe cardiac and 
renal disease should be closely monitored during pulse therapy with GCs [75–78].
Cardiovascular side effects of GCs can be explained by two mechanisms: (1) direct influence 
on the function of the heart and vasculature and (2) increasing cardiovascular risk factors. 
Glucocorticoid receptor is known to be expressed in the heart. By this way GCs exert direct effects 
on cardiomyocytes. The interaction of GCs with the vascular wall is impaired in CVD. Some 
well-known cardiovascular risk factors, such as hypertension, insulin resistance, hyperglycemia, 
and dyslipidemia are more commonly observed in glucocorticoid exposed people. The main 
effects of GCs on cardiovascular risk are likely due to interaction with the kidney, liver, adipose 
tissue, and central nervous system. The effects of GCs on homeostasis are presumably due to 
renal sodium retention and intravascular volume overload. There is also evidence for additional, 
non-renal mechanisms. This confirms that GCs can interact directly with the cells of the heart 
and vascular wall. By this way, GCs may alter their function and structure. In patients with 
Side Effects of Glucocorticoids
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chronic inflammatory disease, carotid plaque and arterial distensibility (independent of cardio-
vascular risk factors and clinical manifestations) have been established. In patients with systemic 
lupus erythematosus administration of GCs decreased the effectiveness of pravastatin [79–83].
8. Hyperglycemia and diabetes
GCs are the most common cause of drug-induced hyperglycemia and diabetes. Hyperglycemia 
and diabetes induced by GCs, is defined as an abnormal increase in blood glucose associated 
with the use of GCs in a patient with or without a prior history of hyperglycemia or diabetes. 
GCs cause an exaggerated postprandial hyperglycemia and insensitivity to exogenous insu-
lin. Thus, GCs have a greater effect on postprandial compared to fasting glucose. Postprandial 
hyperglycemia (defined as blood glucose 200 mg/dL 2 hours after a meal) is a much more 
sensitive indicator for hyperglycemia and diabetes induced by GCs. The exact prevalence 
is not known. The incidence of hyperglycemia and diabetes in hospitalized patients treated 
with GCs without a known history of diabetes is >50%. GCs increases by two- to fourfold the 
risk of hyperglycemia and diabetes in non-diabetic subjects. Treatment with exogenous GCs 
disrupts the glycemic balance of known diabetics [84–87].
Development of glucocorticoid-induced diabetes depends on the dose and duration of expo-
sure. A study found that the risk for hyperglycemia increased substantially with increasing 
daily steroid dose. The risk may change with the type of the GCs, related with biochemical 
properties (e.g. potency of the anti-inflammatory and metabolic effects and duration of the 
effects). But, there is little difference between the GCs most frequently used (i.e. prednisone, 
prednisolone, and methylprednisolone). The effects of GCs on glucose excursions are observed 
within hours (6–8 hours) of exposure. The predisposing factors for hyperglycemia and diabetes 
induced by GCs have been suggested to be overweight, old age, non-white ethnicity, previous 
glucose intolerance, reduced sensitivity to insulin or impaired insulin secretion stimulated by 
glucose, female sex, Down syndrome, puberty, the severity of the disease itself, a family history 
of diabetes, type A30, B27, and Bw42 human leukocyte antigens (HLA); and receiving a kidney 
transplant from a deceased donor. Solid organ transplant patients treated with GCs, 10–20% of 
them develop diabetes, especially within the first months of exposure. Other immunosuppres-
sive agents can also disrupt glycemic control through other mechanisms. Usually, hyperglyce-
mia and diabetes induced by GCs improves with dose reductions and usually reverses when 
therapy is discontinued, but patients with high risk may develop persistent diabetes [88–91].
The pathophysiology of glucocorticoid-induced diabetes involves (1) increase in insulin resis-
tance and (2) reduced glucose uptake in muscle and adipose tissue (via insulin-sensitive glucose 
transporter type 4) as a consequence GCs cause decreasing glucose uptake and glycogen synthe-
sis. On the other hand GCs have profound and reciprocal effects on glyceroneogenesis in liver 
and adipose tissue. GCs increase the amount of fatty acids released into the blood. Increased 
fatty acids interfere with glucose utilization and causes insulin resistance, particularly in skele-
tal muscle. (3) Increased glucose production, increased hepatic gluconeogenesis via peroxisome 
proliferator-activated receptor α. (4) Direct effects on pancreatic β cells including inhibition of 
the production and secretion of insulin, a proapoptotic effect on β cells, a reduction in insulin 
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biosynthesis, and β cell failure. (5) GCs may modulate the expression and activity of adipokines, 
such as adiponectin, leptin, and resistin. By this way GCs may disrupt insulin sensitivity and 
may also reduce the insulinotropic effects of glucagon-like peptide-1 [92–97].
9. Osteoporosis and osteonecrosis
9.1. Osteoporosis
GCs are the most common cause of secondary osteoporosis and nontraumatic osteonecrosis. GCs 
increase fracture risk in both adult men and women, regardless of bone mineral density (BMD) 
and prior fracture history. But fracture risk is related to the dose and duration of GCs, age, and 
body weight. Risk factors for osteoporosis induced by GCs are shown in Table 6. GCs cause signif-
icantly stronger losses of trabecular than of cortical bone. Fractures are most common in regions 
of the skeleton that are predominantly cancellous, such as the vertebral bodies and ribs. After 
discontinuation of GCs, fracture risk gradually declines to baseline over a year or two [98–100].
GCs induce osteoclastic activity initially (first 6–12 months), followed by a decrease in bone 
formation. GCs decrease bone formation by inhibiting osteoblastic activity in the bone 
marrow, suppressing osteoblast function, decreasing osteoblast life span, and promoting the 
apoptosis of osteoblasts and osteocytes. The effect of GCs on bone turnover is complex and 
can be divided into two groups (Table 7) [101–103].
Risk factor Explanation
Advancing age Elderly patients receiving glucocorticoid therapy have a 26-fold higher risk 
of vertebral fractures than younger patients and a shorter interval between 
initiation of treatment and the occurrence of fracture
Low body mass index Significant risk factor for GIO and probably fractures as well
Underlying disease Rheumatoid arthritis, polymyalgia rheumatica, inflammatory bowel disease, 
chronic pulmonary disease, and transplantation are independent risk factors
Family history of hip fracture, 
prevalent fractures, smoking, excessive 
alcohol consumption, frequent falls
All are independent risk factors for osteoporosis but have not been well 
studied in patients receiving glucocorticoids
Glucocorticoid receptor genotype Individual glucocorticoid sensitivity may be regulated by polymorphisms in 
the glucocorticoid receptor gene
11β-HSD isoenzymes 11β-HSD1 expression increases with aging and glucocorticoid administration 
and thereby enhances glucocorticoid activation
Glucocorticoid dose (peak, current, 
or cumulative, duration of therapy, 
interval)
There may be no safe dose, although this is somewhat controversial. 
However, the risk of fracture unarguably escalates with increased doses and 
duration of therapy. Alternate day or inhalation therapy does not spare the 
skeleton
Low BMD Glucocorticoid-induced fractures occur independently of a decline in bone 
mass but patients with very low bone density may be at higher risk
11β-HSD, 11β-hydroxysteroid dehydrogenase; BMD, bone mineral density.
Table 6. Risk factors for glucocorticoid-induced osteoporosis (adapted from [99]).
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9.2. Osteonecrosis
The most common joint involved is the hip and GCs are the second most common cause. 
The incidence of osteonecrosis induced by GCs increase with higher doses and prolonged 
treatment. But can be seen with short-term exposure to high doses, and without osteoporosis. 
Osteonecrosis develops in 9–40% of adult patients receiving long-term GCs. Risk factors are 
shown in Table 8 [104–106].
10. Hypertension
Glucocorticoid-induced elevation in blood pressure is classified as secondary hypertension 
and is a major risk factor for cardiovascular diseases. Blood pressure in humans is subjected to 
tight control by several physiologic systems that have pleiotropic effects and interact together 
in a complex fashion. GCs can cause hypertension by influencing these systems in different 
ways. One possible mechanism is the in vitro affinity of the non-selective mineralocorticoid 
receptor (MR) for the GCs. As a result, stimulation of the MR by exogenous GCs leads to 
renal Na+ retention, volume expansion, and finally to an increase in blood pressure. Vascular 
tone (imbalance between vasoconstriction and vasodilation), centrally mediated mechanisms, 
renin-angiotensin system activation, cardiac hypercontractility, and endothelial cell dysfunc-
tion may also play a role. Enhanced reactive oxygen species and reduced nitric oxide (NO) 
1. Dose and duration of therapy
2. Intra-articular administration
3. Polymorphisms in VEGF, GR, 11β-HSD2, COL2A1, PAI1, P-glycoprotein
4. Underlying disorders: renal insufficiency, transplantation, graft vs. host disease, inflammatory bowel disease, 
HIV, acute lymphoblastic leukemia, excessive alcohol intake, hypercoagulable states, sickle cell disease, radiation 
exposure
5. Dexamethasone causes greater skeletal complications than prednisone
VEGF: vascular endothelial growth factor; GR: glucocorticoid receptor; 11β-HSD2: 11β-hydroxysteroid dehydrogenase 
type2; COL2A1: collagen type II; PA1: plasminogen activator inhibitor 1; HIV: human immunodeficiency virus.
Table 8. Risk factors for glucocorticoid-induced osteonecrosis (adapted from [99]).
Direct effects Indirect effects
1. Decreased bone formation
• Inhibition of osteoblasts replication
• Inhibition of osteoblastic apoptosis
• Inhibition of bone matrix synthesis
2. Increased bone reabsorbtion
• Stimulation of osteoclast synthesis
1. Decrease in net intestinal Ca2+ absorbtion
2. Inhibition of renal Ca2+ re-absorbtion
3. Stimulation of parathyroid hormone secretion
4. Inhibition of growth hormone secretion
Table 7. Effects of glucocorticoids on bone metabolism (adapted from [103]).
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bioavailability are the most important factors for endothelial cell dysfunction. The risk of 
hypertension is 2.2 times higher in patients treated with GCs, whatever the duration of expo-
sure. The risk seems to increase with duration of exposure and daily dosage. A family history 
of essential hypertension may also predispose hypertension induced by GCs. People with 
glucocorticoid-induced lipodystrophy are at higher risk [107–110].
11. Dyslipidemia
GCs have a very important role in energy homeostasis and on lipid metabolism. Chronic expo-
sure to exogenous GCs is a secondary cause of dyslipidemia. But the degree of lipid abnor-
malities in different clinical conditions is quite variable. These variabilities are related with 
the heterogeneity of the populations treated in terms of age, sex, underlying condition, gluco-
corticoid dose, and concomitant medications. All possible changes in lipid profile (i.e. isolated 
increase of triglyceride levels, increase of both cholesterol and triglycerides levels, absence of 
changes in lipid parameters, and improvement in lipid profile with increased HDL cholesterol) 
have been reported, excluding organ transplant recipients. Because transplanted patients con-
comitantly treated with other immunosuppressive drugs with side effects on the lipid metab-
olism (e.g. cyclosporine), which is a confounding factor. People with glucocorticoid-induced 
lipodystrophy are more likely to develop an unfavorable lipid profile. But interestingly, find-
ings from the Third National Health and Nutrition Examination Survey suggest that GCs may 
have a beneficial effect on lipid profile in adults ≥60 years of age. GCs stimulate lipolysis and 
modulate free fatty acid (FFA) mobilization through various mechanisms. These mechanisms 
are summarized in Figure 2. Stimulation of lipolysis depends on dose and duration. Therefore 
in patients treated with GCs at high doses or for prolonged periods, regular monitoring of 
lipid profile is recommended [111–114] (Figure 3).
Figure 3. Effects of glucocorticoids on adipose tissue and hepatic fatty acid metabolism (adapted from [115]).
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12. Gastrointestinal side effects
Side effects of GCs on the gastrointestinal system include peptic ulcers (PU), upper gastroin-
testinal bleeding (UGB), and pancreatitis.
12.1. PU
There is conflicting evidence related with the risk of PU for patients treated with glucocorti-
coid monotherapy. In a case-control study, there was no increased risk of PU at any dose or 
duration of glucocorticoid monotherapy. But in the same study, the combination of GCs with 
nonsteroidal anti-inflammatory drugs (NSAID), there was a significantly increased risk of 
peptic ulcer. Treatment with GCs may cause gastric irritation, more than PU [116, 117].
12.2. UGB
The incidence of UGB is low in patients treated with GCs alone and without a prior history of 
bleeding, but notably higher in patients receiving concomitantly anticoagulants and NSAIDs, 
and those with a history of bleeding. In the presence of different underlying diseases, such as 
rheumatoid arthritis, treatment with GCs may represent a more important risk factor for gas-
trointestinal complications than NSAIDs. In animal studies, GCs have been shown to increase 
gastric acid secretion, to reduce gastric mucus, to cause gastrin and parietal cell hyperplasia, 
and to delay the healing of ulcers [118–120].
12.3. Pancreatitis
Although the exact mechanism is unknown, incidence of GCs induced pancreatitis is well 
established in the medical literature. One case-control study showed that the risk of acute 
pancreatitis was increased among current users of oral GCs compared with nonusers. This 
risk was highest 4–14 days after drug dispensation and the risk gradually decreased thereaf-
ter. Pancreatitis, commonly reported in chronic exposure to GCs, especially in large doses for 
a wide variety of diseases [121].
13. Ocular side effects
13.1. Glaucoma
GCs induce morphological and functional changes in the trabecular meshwork (TM). These 
mechanisms are considered to be the leading cause of increased intraocular pressure dur-
ing treatment with GCs. Systemic GCs are associated with a high incidence of glaucoma. All 
doses of GCs increase the risk for glaucoma. Nevertheless, doses of hydrocortisone 40 mg per 
day (prednisone 10 mg equivalent) were associated with an almost twofold increased risk. In 
patients over 40 years of age and with certain systemic diseases (e.g. diabetes mellitus, high 
myopia, connective tissue disease particularly rheumatoid arthritis), as well as relatives of 
patients with primary open-angle glaucoma (POAG), the risk for glaucoma induced by GCs 
increases. Glaucoma may lead to increased intraocular pressure, optic disc cupping, severe 
optic nerve damage, but considered a silent disease. Because there are no evident symptoms 
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until visual loss. Discontinuation of GCs leads to reversal of intraocular hypertension within 
a few weeks, but the optic nerve damage is often permanent [122, 123].
13.2. Cataracts
Posterior subcapsular cataracts (PSC) induced by GCs appears bilaterally and is distin-
guishable from the more common types of cataract. Increased glucose levels, caused by an 
increased gluconeogenesis rate; inhibition of Na+/K+-ATPase; increased cation permeability; 
inhibition of glucose-6-phosphate-dehydrogenase; inhibition of RNA synthesis; loss of ATP; 
and covalent binding of steroids to lens proteins are the possible mechanisms. These changes 
are specific for PSC induced by GCs. The risk appears to be both duration and dose-depen-
dent. PSC is more likely to occur at higher doses of GCs. But as with other side effects, lower 
doses (<5 mg prednisone per day) have been linked to PSC [123, 124].
13.3. Central serous chorioretinopathy (CSCR)
CSCR is also associated with systemic GCs. Symptoms are central visual blur and reduced 
visual acuity. GCs should be used cautiously in patients with a history of CSCR [125].
Exophthalmos and chorioretinopathy rarely occur. Consequently, before treatment with GCs, 
clinicians should ask about the history of glaucoma, cataracts, and CSCR; and patients with 
risk factors should be referred to ophthalmologic examination.
14. Immunosuppression and risk of infection
There are multiple anti-inflammatory and immunosuppressive effects of GCs (Table 9) [126]. 
These mechanisms may predispose patients to infections. The overall risk of infections is 
50–60% higher in the patients exposed to GCs. The risk of infections can be related with 
dose and duration of GCs. Infection rates were not increased in patients given a daily dose 
of <10 mg or a cumulative dose of <700 mg of prednisone. But the exact dosages and dura-
tion that substantially change the benefit-risk ratio for GCs varies by the personal and the 
underlying risk factors. The risk factors for infections are the underlying disorders (espe-
cially rheumatoid arthritis and systemic lupus erythematosus), patient age, lower functional 
status, and concomitant use of immunosuppressive or biologic therapies. In addition, a 
low albumin level is strongly associated with the risk of infection, because of direct (i.e. as 
an etiological factor) or indirect (i.e. by being a marker of the malnutrition-inflammation 
syndrome) effects. Furthermore, a low albumin level is associated with a higher free glu-
cocorticoid fraction. Due to the inhibition of cytokine release and associated reduction in 
inflammatory and febrile responses, patients treated with GCs may not be presented with 
obvious signs and symptoms of infection. Therefore, it may be difficult to detect infections at 
an early stage. In addition to serious bacterial infections, the increase in risk is much higher 
for opportunistic infections (e.g. Pneumocystis jiroveci pneumonia, herpes zoster tuberculosis, 
listeriosis, aspergillosis, nontuberculous mycobacterial disease, invasive fungal infections), 
and in specific populations (e.g. allogeneic bone marrow transplant and solid organ trans-
plant). Reactivation of cytomegalovirus with GCs is a serious problem especially in solid 
organ transplant recipients [127–131].
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15. Myopathy
GCs have direct catabolic effects on skeletal muscles. These catabolic effects are mediated by 
several cellular mechanisms. GCs inhibit the glucose uptake in skeletal muscles, by this way 
stimulate protein catabolism and inhibit protein synthesis in muscles. These direct effects 
causes muscle weakness. Besides, it was shown that GCs increase the transcription of genes 
encoding components of the ubiquitin-proteasome pathway, thereby increasing the proteo-
lytic capacity of muscle cells. Transactivation of certain genes through glucocorticoid recep-
tors also contributes to muscle atrophy. GCs inhibit the production by the muscle of IGF-I, a 
growth factor that stimulates the development of muscle mass by increasing protein synthe-
sis and myogenesis, while decreasing proteolysis and apoptosis. In addition, GCs stimulate 
the production of myostatin, a growth factor that inhibits the muscle mass development by 
downregulating the proliferation and protein synthesis [132–135].
Myopathy usually develops over several weeks to months with the use of GCs. The typi-
cal clinical features are proximal muscle weakness and atrophy in both the upper and lower 
Lymphocytes
• Reversible lymphopenia, CD4 depletion (>50% 
reduction)
• Decreased proliferation and migration of lymphocytes
• Impaired delayed-type hypersensitivity
• Impaired natural killer cell cytotoxicity
• Decreased lymphokine production (interleukin-2, 
TNFα,interleukin-12, interferon γ)
• Th1/Th2 dysregulation of T-helper cells (decreased Th1 
and increased Th2 cytokine production)
• Impaired phagocyte effector cell function and cellular 
immune response
Monocytes/macrophages
• Reversible monocytopenia (>40% reduction)
• Impaired phagocytosis and oxidative killing
• Decreased chemotaxis and migration to sites of 
inflammation
• Impaired formation of nitric oxide
• Impaired maturation of monocytes to macrophages
• Inhibition of pro-inflammatory cytokine 
production(interleukin-1, interleukin-6, TNFα)
Neutrophils
• Impaired phagocytosis, degranulation, and oxidative 
burst
• Reduced cytokine production
• Impaired formation of nitric oxide
• Defective adherence to endothelium, 
extravasation,chemotaxis
• Inhibition of apoptosis
Other immune effector cells
• Decreased counts for alveolar dendritic cells, central 
nervous system microglial cells, and Langerhans’ 
epidermal cells
• Impaired antigen-presenting capacity of dendritic 
and Langerhans’ cells (decreased expression of 
MHC II on their surface)
• Defective microglial cell-killing capacity (impaired 
nitric oxide formation)
Other effects
• Inhibition of prostaglandin production
• Inhibition of host’s inflammatory response
• Attenuation of clinical (i.e. fever) and radiological signs of infection
• Potential delay of diagnosis
Table 9. Immunosuppressive effects of glucocorticoids (adapted from [126]).
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extremities. Quadriceps and other pelvic girdle muscles are more severely affected. Myalgias 
and muscle tenderness are not seen. Although there is some variation in the dose and duration 
of GCs prior to the onset of muscle weakness, the higher the dose of GCs used related with the 
more rapid the onset. But it is more common in patients treated with ≥10 mg/day of prednisone 
or equivalent. The severity and the mechanism for the catabolic effect of GCs may differ with 
age. Creatine phosphokinase, aldolase, aspartate aminotransferase, lactate dehydrogenase 
(LDH), LDH isoenzymes, and changes in urinary excretion of creatine neither correlate with 
the degree of muscle weakness, nor discriminate between patients receiving small and large 
doses of GCs. So there is no definitive diagnostic test for myopathy induced by GCs. Diagnosis 
is to exclude other possible etiologic factors. Weakness of peripheral and respiratory muscles 
may have significant clinical effects, such as loss of quality of life, fatigue, impaired wound 
healing, compromised lung function, and poor immune response. Treatment is discontinua-
tion of GCs or dose reductions immediately. Symptoms generally improve within 3–4 weeks 
of dose reductions, and often resolve after discontinuation of GCs [136–138].
16. Cutaneous side effects
The most important cutaneous side effects of systemic GCs are skin atrophy-fragility, irre-
versible striae rubrae distensae (red striae), purpura, and delayed wound healing. A rare but 
unimportant side effect is hypertrichosis. Fortunately, hypertrichosis is usually reversible and 
disappears after discontinuation of GCs. The potency and duration of therapy determine the 
occurrence and severity of cutaneous lesions.
16.1. Skin atrophy
All parts of the skin involved become thin and fragile. Women seem to be more susceptible to 
this side effect. Suppression of cutaneous cell proliferation and protein synthesis causes skin 
atrophy. Further effects of GCs on the skin are a decreased synthesis of epidermal lipids, as 
well as an increased transepidermal water loss [139, 140].
16.2. Striae
These are visible linear scars that form in areas of dermal damage, presumably during mechan-
ical stress. Stria means scar tissue. For this reason, once developed, they are permanent. In the 
differential diagnosis, excessive weight gain and pregnancy should be excluded [141].
16.3. Delayed wound healing
The effects of GCs on wound healing are multifactorial. GCs prevent the early inflammatory 
phase, which is essential for wound repair. GCs also affect keratinocytes (epidermal atro-
phy and delayed reepithelialization), fibroblasts (reduced collagen and ground substance, 
resulting in dermal atrophy, and striae), and vascular connective tissue support (telangiecta-
sia, purpura, and easy bruising). According to delayed granulation, tissue formation of GCs 
impairs angiogenesis. Furthermore GCs have impact on wound healing by the regulation of 
pro-inflammatory cytokines, growth factors, matrix proteins, and matrix proteases [142].
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16.4. Purpura
When severe dermal atrophy and loss of intercellular substance occur by GCs, blood vessels 
lose their surrounding dermal matrix. The fragility of dermal vessels causes purpura. The 
dorsum of the hands, forearms, sides of the neck, face, and lower legs (sun exposed areas) are 
the most common affected sites [143].
17. Psychiatric and cognitive disturbances
Systemic GCs induce dose-dependent a wide range of psychiatric and cognitive disturbances, 
including memory impairment, agitation, anxiety, fear, hypomania, insomnia, irritability, 
lethargy, mood lability, and even psychosis [144].
17.1. Behavioral effects
Increase in appetite resulting with weight gain is the most common behavioral side effect of 
long-term exposure to GCs. Weight gain does not correlate with the cumulative dose. Sleep 
disturbances are the second most common behavioral side effects of GCs and dose-depen-
dent. The evening dose induces sleeplessness [145, 146].
17.2. Psychic effects
Psychic side effects (PSE) of GCs are quantitatively/qualitatively distinct forms. Symptoms 
range from an initial slight increase in the overall sense of well-being (independent of improve-
ment in their underlying disease activity) or low-grade mood changes, such as euphoria, 
grandiosity, emotional lability, depressed or elated mood, up to severe psychiatric disorders, 
and suicidality. The frequency ranges from 1.3 to 62% in adults. The predicted threshold dose 
for PSE is ≥20 mg/day of prednisone (or equivalent), but can be seen at very low dosages. 
PSE commonly develop within the first weeks of exposure, but may occur within few days 
or at any point during treatment, including withdrawal (especially after long-term and high 
dose exposures). A family history of depression, previous neuropsychiatric disorders, and 
alcoholism has also been reported as risk factors for the development of PSE. Women were 
more likely to develop depression, whereas men were more likely to develop mania. The risk 
of depression, mania, delirium, confusion, and disorientation increases, but suicidal behavior 
and panic disorder decreases with age. PSE often disappears shortly after dose reduction or 
discontinuation. Switching to alternative GCs may be helpful. Clinicians should ask about a 
prior history of psychiatric disorder and refer patients to a psychiatrist [147–149].
17.3. Cognitive effects
Cognitive impairment is a common, dose-dependent side effect of GCs. Common symp-
toms are deficits in attention, concentration, memory retention, mental speed, and efficiency. 
Prolonged exposure to moderate/high doses of GCs may cause cumulative and long-lasting 
effects on specific brain areas. Low doses of GCs do not affect adult cognitive functions in 
both short- and long-term exposure. Older patients appear to be more sensitive to memory 
impairment with short-term exposure [149].
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18. Monitoring and prevention of side effects
The same total dose of GCs among systemic treatments has different side effects. Split-
dose regimens are more toxic than single daily-dose protocols. Both these protocols are 
more toxic than alternate-day treatment programs. In daily treatment regimens, SGCs with 
long biologic half-lives (e.g. dexamethasone) have a greater potential for side effects than 
analogs do with intermediate biologic half-lives (e.g. prednisone). High doses of systemic 
GCs can be administered for less than a week with partial safety, even though the same 
dose of drug administered for a more prolonged period will result in presumably, clinically 
significant side effects. The lowest dose of GCs should be used for the shortest period of 
time that is needed to achieve the treatment goals. Preexisting comorbid conditions (dia-
betes mellitus, hypertension, dyslipidemia, heart failure, cataract or glaucoma, peptic ulcer 
disease, use of nonsteroidal anti-inflammatory drugs, low bone density, or osteoporosis) 
may increase risk when GCs are required. To provide an optimal therapy, patient edu-
cation is very important. Patients should be informed about the side effects of GCs. GCs 
generally stimulate the appetite, causes weight gain, elevated blood pressure, and glucose 
levels. Therefore, patients should be informed about the importance of diet when therapy is 
begun. The symptoms and signs of side effects related with GCs, should also be explained 
to the patients [32, 51–53]. For systemic therapy, the choice of specific GCs depends, par-
tially, on clinical variables like underlying or accompanying diseases. Hydrocortisone is 
usually used for physiologic replacement and “stress” coverage in patients with HPA sup-
pression. Hydrocortisone has a short biologic half-life and causes sodium and potassium 
retention. Thus, this agent is not commonly used for systemic immunosuppressive or anti-
inflammatory treatment. Fluorinated analogs, such as dexamethasone, have a long biologic 
half-life and little sodium-retaining potency. But long biologic half-life, may be associated 
with a greater potential for side effects. As a result, this group of SGCs is not commonly 
used in prolonged daily therapy regimens [54].
19. Concluding remarks
To reduce the incidence and severity of these side effects (described above); they should be 
well known. Besides, dose of GCs should be decreased carefully. According to the patients’ 
risk factors taking general preventive measures are important.
Author details
Irmak Sayın Alan1* and Bahadır Alan2
*Address all correspondence to: irmaksayin@yahoo.com
1 Okan University, Medical Faculty, Department of Internal Medicine, Istanbul, Turkey
2 Okan University, Medical Faculty, Department of Cardiology, Istanbul, Turkey
Side Effects of Glucocorticoids
http://dx.doi.org/10.5772/intechopen.72019
113
References
[1] Liu D, Ahmet A, Ward L, Krishnamoorthy P, Mandelcorn ED, Leigh R, Brown JP, Cohen A, 
Kim H. A practical guide to the monitoring and management of the complications of 
systemic corticosteroid therapy. Allergy, Asthma and Clinical Immunology. 2013 Aug 
15;9(1):30. DOI: 10.1186/1710-1492-9-30
[2] Pousseau GG, Baxter JD, Tomkins GP. Glucocorticoid receptor: Relation between steroid 
binding and biologic effects. Journal of Molecular Biology. 1972;67:99-115
[3] Magiakou MA, Chrousos GP. Corticosteroid therapy, nonendocrine disease and cor-
ticosteroid withdrawal. In: Bardin CW, editor. Current Therapy in Endocrinology and 
Metabolism. 5th ed. Philadelphia: Mosby Yearbook; 1994. pp. 120-124
[4] Magiakou MA, Chrousos GP. Corticosteroid therapy and withdrawal. In: Endocrinology 
and Metabolic Diseases, Current Practice of Medicine. Philadelphia; 1996. pp. IV: 6.1-6.6
[5] Liapi C, Chrousos GP. Glucocorticoids. In: Jaffe SJ, Aranda JV, editors. Pediatric Phar-
macology. 2nd ed. Philadelphia: WB Saunders Co; 1992. pp. 466-475
[6] Chrousos GP. Adrenocorticosteroids & adrenocortical antagonists. In: Katzung BG, edi-
tor. Basic & Clinical Pharmacology. 10th ed. New York, NY: McGraw-Hill Medical; 2007. 
pp. 635-652
[7] Stewart PM. The adrenal cortex. In: Kronenberg HM, Melmed S, Polonsky KS, Larsen RP, 
editors. Williams Textbook of Endocrinology. 11th ed. Philadelphia, PA: Saunders; 2008: 
Chapter 14
[8] Migeon CJ, Lawrence B, Bertrand J, Holman GH. In vivo distribution of some 
17-hydroxycorticoids between the plasma and red blood cells of man. The Journal of 
Clinical Endocrinology and Metabolism. 1959;19:1411
[9] Pugeat MM, Dunn JF, Nisula BC. Transport of steroid hormones: Interaction of 70 
drugs with testosterone-binding globulin and corticosteroid-binding globulin in human 
plasma. The Journal of Clinical Endocrinology and Metabolism. 1981;53:69
[10] Ballard PL. Delivery and transport of glucocorticoids to target cells. In: Rousseau GG 
(Eds), Glucocorticoid Hormone Action, Baxter JD, Springer-Verlag, Berlin 1979. p. 25
[11] Peterson RE. Metabolism of adrenocorticosteroids in man. Annals of the New York 
Academy of Sciences. 1959;82:846
[12] Goodwin JS. Antiinflammatory drugs. In: Stites DP, Terr AI, Parslow TG, editors. Basic 
and Clinical Immunology. 8th ed. East Norwalk: Appleton and Lange; 1994. pp. 786-795
[13] Winkelstein A. Immunosuppressive therapy. In: Stites DP, Terr AT, Parslow TG, edi-
tors. Basic and Clinical Immunology. 8th ed. San Mateo: Appleton and Lange; 1994. 
pp. 767-780
[14] Schacke H, Docke WD, Asadullah K. Mechanisms involved in the side effects of gluco-
corticoids. Pharmacology & Therapeutics. 2002 Oct;96(1):23-43
Pharmacokinetics and Adverse Effects of Drugs - Mechanisms and Risks Factors114
[15] Frampton AE, Eynon CA. High dose methylprednisolone in the immediate manage-
ment of acute, blunt spinal cord injury: What is the current practice in emergency 
departments, spinal units, and neurosurgical units in the UK? Emergency Medicine 
Journal. 2006 Jul;23(7):550-553
[16] Salerno A, Hermann R. Efficacy and safety of steroid use for postoperative pain relief. 
Update and review of the medical literature. The Journal of Bone and Joint Surgery. 
American Volume. 2006 Jun;88(6):1361-1372
[17] Tegethoff M, Pryce C, Meinlschmidt G. Effects of intrauterine exposure to synthetic glu-
cocorticoids on fetal, newborn, and infant hypothalamic-pituitary-adrenal axis function 
in humans: A systematic review. Endocrine Reviews. 2009 Dec;30(7):753-789
[18] Gross AK, Winstead PS. Current controversies in critical illness-related corticosteroid 
insufficiency and glucocorticoid supplementation. Orthopedics. 2009 Sep;32(9)
[19] Liu D, Ahmet A, Ward L, Krishnamoorthy P, Mandelcorn ED, Leigh R, Brown JP, Cohen A, 
Kim HA. Practical guide to the monitoring and management of the complications of 
systemic corticosteroid therapy. Allergy, Asthma and Clinical Immunology. 2013 Aug 
15;9(1):30
[20] Boumpas DT, Chrousos GP, Wilder RL, Cupps TR, Balow JE. Glucocorticoid therapy for 
immune-mediated diseases: Basic and clinical correlates. Annals of Internal Medicine. 
1993 Dec 15;119(12):1198-1208
[21] Scheinman RI, Cogswell PC, Lofquist AK, Baldwin AS Jr. Role of transcriptional activa-
tion of I kappa B alpha in mediation of immunosuppression by glucocorticoids. Science 
1995;270:283
[22] Auphan N, DiDonato JA, Rosette C, et al. Immunosuppression by glucocorticoids: 
Inhibition of NF-kappa B activity through induction of I kappa B synthesis. Science. 
1995;270:286
[23] Rhen T, Cidlowski JA. Antiinflammatory action of glucocorticoids--new mechanisms for 
old drugs. The New England Journal of Medicine. 2005;353:1711
[24] Fan PT, DT Y, Clements PJ, et al. Effect of corticosteroids on the human immune response: 
Comparison of one and three daily 1 gm intravenous pulses of methylprednisolone. The 
Journal of Laboratory and Clinical Medicine. 1978;91:625
[25] Fauci AS, Dale DC, Balow JE. Glucocorticosteroid therapy: Mechanisms of action and 
clinical considerations. Annals of Internal Medicine. 1976;84:304
[26] Sternberg EM, Wilder RL. Corticosteroids. In: McCarty DJ, Koopman WJ, editors. 
Arthritis and Allied Conditions. Philadelphia: Lea & Febiger; 1993. pp. 665-682
[27] Sternberg EM, Chrousos GP, Wilder RL, Gold PW. The stress response and the regula-
tion of inflammatory disease. Annals of Internal Medicine. 1992;117:854-866
[28] Sternberg EM, Wilder RL. Corticosteroids. In: McCarty DJ, Koopman WJ, editors. 
Arthritis and Allied Conditions. Philadelphia: Lea & Febiger; 1993. pp. 665-682
Side Effects of Glucocorticoids
http://dx.doi.org/10.5772/intechopen.72019
115
[29] Wang J, Wang R, Wang H, Yang X, Yang J, Xiong W, Wen Q, Ma L. Glucocorticoids sup-
press antimicrobial autophagy and nitric oxide production and facilitate mycobacterial 
survival in macrophages. Scientific Reports. 2017 Apr 20;7(1):982
[30] van de Garde MD, Martinez FO, Melgert BN, Hylkema MN, Jonkers RE, Hamann J. 
Chronic exposure to glucocorticoids shapes gene expression and modulates innate and 
adaptive activation pathways in macrophages with distinct changes in leukocyte attrac-
tion. Journal of Immunology. 2014 Feb 1;192(3):1196-1208
[31] Rinehart JJ, Sagone AL, Balcerzak SP, et al. Effects of corticosteroid therapy on human 
monocyte function. The New England Journal of Medicine. 1975;292:236
[32] Wallen N, Kita H, Weiler D, Gleich GJ. Glucocorticoids inhibit cytokine-mediated eosin-
ophil survival. Journal of Immunology. 1991;147:3490
[33] Park SK, Beaven MA. Mechanism of upregulation of the inhibitory regulator, src-like 
adaptor protein (SLAP), by glucocorticoids in mast cells. Molecular Immunology. 2009; 
46:492
[34] Eddy JL, Krukowski K, Janusek L, Mathews HL. Glucocorticoids regulate natural killer 
cell function epigenetically. Cellular Immunology. 2014;290:120
[35] Fauci AS, Dale DC. The effect of in vivo hydrocortisone on subpopulations of human 
lymphocytes. The Journal of Clinical Investigation. 1974 Jan;53(1):240-246
[36] Paliogianni F, Ahuja SS, Balow JP, Balow JE, Boumpas DT. Novel mechanism for inhibi-
tion of T cells by glucocorticoids (GC): GC modulate signal transduction through IL-2 
receptor. Journal of Immunology. 1993;151:4081-4089
[37] Franchimont D, Louis E, Dewe W, et al. Effects of dexamethasone on the profile of cyto-
kine secretion in human whole blood cell cultures. Regulatory Peptides. 1998;73:59
[38] Ashwell JD, FW L, Vacchio MS. Glucocorticoids in T cell development and function*. 
Annual Review of Immunology. 2000;18:309
[39] Cupps TR, Gerrard TL, Falkoff RJ, Whalen G, Fauci AS. Effects of in vitro corticoste-
roids on B cell activation, proliferation, and differentiation. The Journal of Clinical Inves-
tigation. 1985 Feb;75(2):754-761
[40] Butler WT, Rossen RD. Effects of corticosteroids on immunity in man: Decreased serum 
IgG concentration caused by 3 or 5 days of high doses of methylprednisolone. The 
Journal of Clinical Investigation. 1973;52:2629-2640
[41] Shiao RT, McLeskey SB, Khera SY, Wolfson A, Freter CE. Mechanisms of inhibition of 
IL-6-mediated immunoglobulin secretion by dexamethasone and suramin in human 
lymphoid and myeloma cell lines. Leukemia & Lymphoma. 1996 Apr;21(3-4):293-303
[42] Levy AL, Waldmann TA. The effect of hydrocortisone on immunoglobulin metabolism. 
The Journal of Clinical Investigation. 1970;49:1679
[43] Jabara HH, Ahern DJ, Vercelli D, Geha RS. Hydrocortisone and IL-4 induce IgE isotype 
switching in human B cells. Journal of Immunology. 1991;147:1557
Pharmacokinetics and Adverse Effects of Drugs - Mechanisms and Risks Factors116
[44] Shodell M, Shah K, Siegal FP. Circulating human plasmacytoid dendritic cells are highly 
sensitive to corticosteroid administration. Lupus. 2003;12:222
[45] Gadson PF, Russell JD, Russell SB. Glucocorticoid receptors in human fibroblasts derived 
from normal dermis and keloid tissue. The Journal of Biological Chemistry. 1984;259: 
11236-11241
[46] Meisler N et al. Dexamethasone abrogates the fibrogenic effect of transforming 
growth factor-beta in rat granuloma and granulation tissue fibroblasts. The Journal of 
Investigative Dermatology. 1997;108:285-289
[47] Bailey JM. New mechanisms for effects of anti-inflammatory glucocorticoids. BioFactors. 
1991;3:97-102
[48] Mukherjee AB, Cordella-Miele E, Miele L. Regulation of extracellular phospholipase A2 
activity: Implications for inflammatory diseases. DNA and Cell Biology. 1992;11:233-243
[49] Masferrer JL, Seibert K, Zweifel B, Needleman P. Endogenous glucocorticoids regulate 
an inducible cyclooxygenase enzyme. Proceedings of the National Academy of Sciences 
of the United States of America. 1992;89:3917-3921
[50] O’Banion MK, Winn VD, Young DA. cDNA cloning and functional activity of a glucocor-
ticoid-regulated inflammatory cyclooxygenase. Proceedings of the National Academy of 
Sciences of the United States of America. 1992;89:4888-4892
[51] D'Adamio F, Zollo O, Moraca R, Ayroldi E, Bruscoli S, Bartoli A, et al. A new dexameth-
asone-induced gene of the leucine zipper family protects T lymphocytes from TCR/CD3-
activated cell death. Immunity. 1997;7:803-812
[52] Lim W, Park C, Shim MK, Lee YH, Lee YM, Lee Y. Glucocorticoids suppress hypoxia-
induced COX-2 and hypoxia inducible factor-1α expression through the induction of 
glucocorticoid-induced leucine zipper. British Journal of Pharmacology. 2014 Feb; 
171(3):735-745
[53] Yang N, Zhang W, Shi XM. Glucocorticoid-induced leucine zipper (GILZ) mediates 
glucocorticoid action and inhibits inflammatory cytokine-induced COX-2 expression. 
Journal of Cellular Biochemistry. 2008;103:1760-1771
[54] Huscher D, Thiele K, Gromnica-Ihle E, Hein G, Demary W, Dreher R, Zink A, Buttgereit F. 
Dose-related patterns of glucocorticoid-induced side effects. Annals of the Rheumatic 
Diseases. 2009 Jul;68(7):1119-1124
[55] Da Silva JA, Jacobs JW, Kirwan JR, Boers M, Saag KG, Inês LB, de Koning EJ, Buttgereit F, 
Cutolo M, Capell H, Rau R, Bijlsma JW. Safety of low dose glucocorticoid treatment 
in rheumatoid arthritis: Published evidence and prospective trial data. Annals of the 
Rheumatic Diseases. 2006 Mar;65(3):285-293
[56] McDonough AK, Curtis JR, Saag KG. The epidemiology of glucocorticoid-associated 
adverse events. Current Opinion in Rheumatology. 2008 Mar;20(2):131-137
[57] Krasner AS. Glucocorticoid-induced adrenal insufficiency. Journal of the American 
Medical Association. 1999 Aug 18;282(7):671-676
Side Effects of Glucocorticoids
http://dx.doi.org/10.5772/intechopen.72019
117
[58] Sorkness CA, LaForce C, Storms W, Lincourt WR, Edwards L, Rogenes PR. Effects of the 
inhaled corticosteroids fluticasone propionate, triamcinolone acetonide, and flunisolide 
and oral prednisone on the hypothalamic-pituitary-adrenal axis in adult patients with 
asthma. Clinical Therapeutics. 1999;21(2):353-367
[59] Schimmer BP, Funder JW. ACTH. Adrenal steroids and pharmacology of the adrenal 
cortex. In: Brunton LL, Chabner BA, Knollmann BC, editors. Goodman and Gilman's 
the Pharmacological Basis of Therapeutics. 12th ed. New York, NY: McGraw-Hill 
Companies Inc; 2011
[60] Stewart PM, Krone NP. The adrenal cortex. In: Melmed S, Polonsky KS, Larsen PR, 
Kronenberg HM, editors. Williams Textbook of Endocrinology. 12th ed. Philadelphia, 
Pa: Saunders Elsevier; 2011
[61] Park SH, Cho KH. Large-dose glucocorticoid induced secondary adrenal insufficiency in 
spinal cord injury. Annals of Rehabilitation Medicine. 2016 Dec;40(6):1033-1039
[62] Ortega E, Rodriguez C, Strand LJ, Segre E. Effects of cloprednol and other corticosteroids 
on hypothalamic-pituitary-adrenal axis function. The Journal of International Medical 
Research. 1976;4:326-337
[63] Axelrod L. Corticosteroid therapy. In: Becker KL, editor. Principles and Practice of 
Endocrinology and Metabolism. 3rd ed. Philadelphia, PA: Lippincott Williams and 
Wilkins; 2000. pp. 752-763
[64] Buttgereit F, da Silva JA, Boers M, Burmester GR, Cutolo M, Jacobs J, Kirwan J, Kohler L, 
Van Riel P, Vischer T, Bijlsma JW: Standardised nomenclature for glucocorticoid dos-
ages and glucocorticoid treatment regimens: Current questions and tentative answers in 
rheumatology. Annals of the Rheumatic Diseases 2002;61:718-722
[65] Axelrod L. Glucocorticoid therapy. Medicine (Baltimore). 1976 Jan;55(1):39-65
[66] Schürmeyer TH, Tsokos GC, Avgerinos PC, et al. Pituitary-adrenal responsiveness to 
corticotropin-releasing hormone in patients receiving chronic, alternate day glucocorti-
coid therapy. The Journal of Clinical Endocrinology and Metabolism. 1985;61:22-27
[67] Bell NH. The glucocorticoid withdrawal syndrome. Advances in Experimental Medicine 
and Biology. 1984;171:293-299
[68] Glowniak JV, Loriaux DL. A double-blind study of perioperative steroid requirements in 
secondary adrenal insufficiency. Surgery. 1997;121:123-129
[69] Fardet L, Fève B. Systemic glucocorticoid therapy: A review of its metabolic and cardio-
vascular adverse events. Drugs. 2014 Oct;74(15):1731-1745
[70] Curtis JR, Westfall AO, Allison J, et al. Population-based assessment of adverse 
events associated with long-term glucocorticoid use. Arthritis and Rheumatism. 2006; 
55(3):420-426
Pharmacokinetics and Adverse Effects of Drugs - Mechanisms and Risks Factors118
[71] Fardet L, Cabane J, Lebbe C, Morel P, Flahault A. Incidence and risk factors for cortico-
steroid-induced lipodystrophy: A prospective study. Journal of the American Academy 
of Dermatology. 2007;57(4):604-609
[72] Horber FF, Zürcher RM, Herren H, Crivelli MA, Robotti G, Frey FJ. Altered body fat dis-
tribution in patients with glucocorticoid treatment and in patients on long-term dialysis. 
The American Journal of Clinical Nutrition. 1986;43(5):758-769
[73] Huscher D, Thiele K, Gromnica-Ihle E, et al. Dose-related patterns of glucocorticoid-
induced side effects. Annals of the Rheumatic Diseases. 2009;68(7):1119-1124
[74] Fardet L, Antuna-Puente B, Vatier C, et al. Adipokine profile in glucocorticoid-treated 
patients: Baseline plasma leptin level predicts occurrence of lipodystrophy. Clinical 
Endocrinology. 2013;78(1):43-51
[75] Wei L, MacDonald TM, Walker BR. Taking glucocorticoids by prescription is asso-
ciated with subsequent cardiovascular disease. Annals of Internal Medicine. 2004; 
141(10):764-770
[76] Souverein PC, Berard A, Van Staa TP, et al. Use of oral glucocorticoids and risk of cardio-
vascular and cerebrovascular disease in a population based case-control study. Heart. 
2004;90(8):859-865
[77] Davis JM, Kremers HM, Crowson CS, Nicola PJ, Ballman KV, Therneau TM, et al. 
Glucocorticoids and cardiovascular events in rheumatoid arthritis – A population-based 
cohort study. Arthritis and Rheumatism. 2007;56:820-830
[78] Christiansen CF, Christensen S, Mehnert F, Cummings SR, Chapurlat RD, Sørensen HT. 
Glucocorticoid use and risk of atrial fibrillation or flutter: A population-based, case-con-
trol study. Archives of Internal Medicine. 2009 Oct 12;169(18):1677-1683
[79] Ren R, Oakley RH, Cruz-Topete D, Cidlowski JA. Dual role for glucocorticoids in cardio-
myocyte hypertrophy and apoptosis. Endocrinology. 2012;153(11):5346-5360
[80] Armstrong KA, Hiremagalur B, Haluska BA, Campbell SB, Hawley CM, Marks L, et al. 
Free fatty acids are associated with obesity, insulin resistance, and atherosclerosis in 
renal transplant recipients. Transplantation. 2005;80:937-944
[81] Beentjes JAM, Van Tol A, Sluiter WJ, Dullaart RPF. Decreased plasma cholesterol 
esterification and cholesteryl ester transfer in hypopituitary patients on glucocorticoid 
replacement therapy. Scandinavian Journal of Clinical and Laboratory Investigation. 
2000;60:189-198
[82] del Rincon I, O’Leary DH, Haas RW, Escalante A. Effect of glucocorticoids on the arteries 
in rheumatoid arthritis. Arthritis and Rheumatism. 2004;50:3813-3822
[83] Costenbader KH, Liang MH, Chibnik LB, Aizer J, Kwon H, Gall V, et al. A pravastatin 
dose-escalation study in systemic lupus erythematosus. Rheumatology International. 
2007;27:1071-1077
Side Effects of Glucocorticoids
http://dx.doi.org/10.5772/intechopen.72019
119
[84] Burt MG, Roberts GW, Aguilar-Loza NR, Frith P, Stranks SN. Continuous monitoring of 
circadian glycemic patterns in patients receiving prednisolone for COPD. The Journal of 
Clinical Endocrinology and Metabolism. 2011;96:1789-1796
[85] Donihi AC, Raval D, Saul M, Korytkowski MT, DeVita MA. Prevalence and predictors 
of corticosteroid-related hyperglycemia in hospitalized patients. Endocrine Practice. 
2006;12:358-362
[86] Gulliford MC, Charlton J, Latinovic R. Risk of diabetes associated with prescribed gluco-
corticoids in a large population. Diabetes Care. 2006;29(12):2728-2729
[87] Feldman-Billard S, Lissak B, Kassaei R, Benrabah R, Héron E. Short-term tolerance of 
pulse methylprednisolone therapy in patients with diabetes mellitus. Ophthalmology. 
2005;112(3):511-515
[88] Schneiter P, Tappy L. Kinetics of dexamethasone-induced alterations of glucose metabo-
lism in healthy humans. The American Journal of Physiology. 1998;275:E806-E813
[89] Gurwitz JH, Bohn RL, Glynn RJ, Monane M, Mogun H, Avorn J. Glucocorticoids 
and the risk for initiation of hypoglycemic therapy. Archives of Internal Medicine. 
1994;154:97-101
[90] Spinola-Castro AM, Siviero-Miachon AA, Andreoni S, Tosta-Hernandez PD, Macedo CR, 
Lee ML. Transient hyperglycemia during childhood acute lymphocytic leukemia che-
motherapy: An old event revisited. Clinical Advances in Hematology & Oncology. 
2009;7:465-472
[91] Clore JN, Thurby-Hay L. Glucocorticoid-induced hyperglycemia. Endocrine Practice. 
2009;15:469-474
[92] Weinstein SP, Wilson CM, Pritsker A, Cushman SW. Dexamethasone inhibits insulin-
stimulated recruitment of GLUT4 to the cell surface in rat skeletal muscle. Metabolism. 
1998;47:3-6
[93] van Raalte DH, Ouwens DM, Diamant M. Novel insights into glucocorticoid-mediated 
diabetogenic effects: Towards expansion of therapeutic options? European Journal of 
Clinical Investigation. 2009;39:81-93
[94] Cadoudal T, Leroyer S, Reis AF, et al. Proposed involvement of adipocyte glyceroneo-
genesis and phosphoenolpyruvate carboxykinase in the metabolic syndrome. Biochimie. 
2005;87:27-32
[95] Beaudry JL, Riddell MC. Effects of glucocorticoids and exercise on pancreatic b-cell 
function and diabetes development. Diabetes/Metabolism Research and Reviews. 2012; 
28(7):560-573
[96] Gremlich S, Roduit R, Thorens B. Dexamethasone induces posttranslational degra-
dation of GLUT2 and inhibition of insülin secretion in isolated pancreatic beta cells. 
Comparison with the effects of fatty acids. The Journal of Biological Chemistry. 1997; 
272(6):3216-3222
Pharmacokinetics and Adverse Effects of Drugs - Mechanisms and Risks Factors120
[97] Hansen KB, Vilsbøll T, Bagger JI, Holst JJ, Knop FK. Reduced glucose tolerance and insu-
lin resistance induced by steroid treatment, relative physical inactivity, and high-calorie 
diet impairs the incretin effect in healthy subjects. The Journal of Clinical Endocrinology 
and Metabolism. 2010;95(7):3309-3317
[98] Kanis JA, Johansson H, Oden A, Johnell O, de Laet C, Melton LJ III, Tenenhouse A, 
Reeve J, Silman AJ, Pols HA, Eisman JA, McCloskey EV, Mellstrom D. A meta-analysis 
of prior corticosteroid use and fracture risk. Journal of Bone and Mineral Research. 
2004;19:893-899
[99] Robert S, Weinstein MD. Glucocorticoid-induced osteoporosis and osteonecrosis. 
Endocrinology and Metabolism Clinics of North America. 2012 September;41(3): 
595-611
[100] Reid IR. Glucocorticoid-induced osteoporosis. Baillière's Clinical Endocrinology and 
Metabolism. 2000;14:279-298
[101] Weinstein RS, Jilka RL, Parfitt AM, Manolagas SC. Inhibition of osteoblastogenesis 
and promotion of apoptosis of osteoblasts and osteocytes by glucocorticoids. Potential 
mechanisms of their deleterious effects on bone. The Journal of Clinical Investigation. 
1998;102:274-282
[102] Yao W, Cheng Z, Busse C, Pham A, Nakamura MC, Lane NE. Glucocorticoid excess in 
mice results in early activation of osteoclastogenesis and adipogenesis and prolonged 
suppression of osteogenesis: A longitudinal study of gene expression in bone tissue 
from glucocorticoid-treated mice. Arthritis and Rheumatism. 2008;58:1674-1686
[103] Canalis E, Delany AM. Mechanisms of glucocorticoid action in bone. Annals of the 
New York Academy of Sciences. 2002;966:73-81
[104] Weinstein RS. Glucocorticoid-induced osteonecrosis. Endocrine. 2012 Apr;41(2):183-190
[105] Kaste SC, Karimova EJ, Neel MD. Osteonecrosis in children after therapy for malig-
nancy. American Journal of Roentgenology. 2011;196:1011-1018
[106] Barr RD, Sala A. Osteonecrosis in children and adolescents with cancer. Pediatric Blood 
& Cancer. 2008;50(2 Suppl):483-485
[107] WHO. World Health Organization (WHO): Fact sheet #317: Cardiovascular diseases 
(CVDs); 2013
[108] Ferrari P, Krozowski Z. Role of the 11b-hydroxysteroid dehydrogenase type 2 in blood 
pressure regulation. Kidney International. 2000;57:1374-1381
[109] Baum M, Moe OW. Glucocorticoid-mediated hypertension: Does the vascular 
smooth muscle hold all the answers? Journal of the American Society of Nephrology. 
2008;19:1251-1253
[110] Sato A, Funder JW, Okubo M, Kubota E, Saruta T. Glucocorticoid-induced hyperten-
sion in the elderly. Relation to serum calcium and family history of essential hyperten-
sion. American Journal of Hypertension. 1995;8(8):823-828
Side Effects of Glucocorticoids
http://dx.doi.org/10.5772/intechopen.72019
121
[111] Choi HK, Seeger JD. Glucocorticoid use and serum lipid levels in US adults: The 
third National Health and nutrition examination survey. Arthritis and Rheumatism. 
2005;53(4):528-535
[112] Zimmerman J, Fainaru M, Eisenberg S. The effects of prednisone therapy on plasma 
lipoproteins and apolipoproteins: A prospective study. Metabolism, Clinical and 
Experimental. 1984;33(6):521-526
[113] Ettinger WH, Klinefelter HF, Kwiterovitch PO. Effect of shortterm, low-dose corticoste-
roids on plasma lipoprotein lipids. Atherosclerosis. 1987;63(2-3):167-172
[114] Svenson KL, Lithell H, Hällgren R, Vessby B. Serum lipoprotein in active rheumatoid 
arthritis and other chronic inflammatory arthritides. II. Effects of anti-inflammatory and 
disease-modifying drug treatment. Archives of Internal Medicine. 1987;147:1917-1920
[115] Arnaldi G, Scandali VM, Trementino L, Cardinaletti M, Appolloni G, Boscaro M. 
Pathophysiology of Dyslipidemia in Cushing’s syndrome. Neuroendocrinology. 
2010;92(suppl 1):86-90
[116] Piper JM, Ray WA, Daugherty JR, Griffin MR. Corticosteroid use and peptic ulcer 
disease: Role of nonsteroidal anti-inflammatory drugs. Annals of Internal Medicine. 
1991;114:735-740
[117] Conn HO, Poynard T. Corticosteroids and peptic ulcer: Meta-analysis of adverse events 
during steroid therapy. Journal of Internal Medicine. 1994;236:619-632
[118] Richardson CT. Pathogenetic factors in peptic ulcer disease. The American Journal of 
Medicine. 1985;79:1-7
[119] Narum S, Westergren T, Klemp M. Corticosteroids and risk of gastrointestinal bleeding: 
A systematic review and meta-analysis. BMJ Open. 2014;4:e004587
[120] Hernández-Díaz S, Rodríguez LA. Steroids and risk of upper gastrointestinal complica-
tions. American Journal of Epidemiology. 2001;153:1089-1093
[121] Sadr-Azodi O, Mattsson F, Bexlius TS, Lindblad M, Lagergren J, Ljung R. Association of 
oral glucocorticoid use with an increased risk of acute pancreatitis: A population-based 
nested case-control study. JAMA Internal Medicine. 2013 Mar 25;173(6):444-449
[122] Garbe E, Lelorier J, Boivin JF, Suissa S. Risk of ocular hypertension or open-angle glau-
coma in elderly patients on oral glucocorticoids. Lancet. 1997;350:979-982
[123] Tripathi RC, Parapuram SK, Tripathi BJ, Zhong Y, Chalam KV. Corticosteroids and 
glaucoma risk. Drugs & Aging. 1999;15:439-450
[124] Black RL, Oglesby RB, von Sallmann L, Bunim JJ. Posterior subcapsular cataracts 
induced by corticosteroids in patients with rheumatoid arthritis. Journal of the Ameri-
can Medical Association. 1960 Sep 10;174:166-171
[125] Haimovici R, Gragoudas ES, Duker JS, Sjaarda RN, Eliott D. Central serous chorioreti-
nopathy associated with inhaled or intranasal corticosteroids. Ophthalmologica. 1997; 
104:1653-1660
Pharmacokinetics and Adverse Effects of Drugs - Mechanisms and Risks Factors122
[126] Lionakis MS, Kontoyiannis DP. Glucocorticoids and invasive fungal infections. Lancet. 
2003 Nov 29;362(9398):1828-1838
[127] Stuck AE, Minder CE, Frey FJ. Risk of infectious complications in patients taking gluco-
corticosteroids. Reviews of Infectious Diseases. 1989;11:954-963
[128] Saag KG, Furst DE: Major side effects of systemic glucocorticoids, Up To Date 2012; 2013
[129] Saag KG. Short-term and long-term safety of glucocorticoids in rheumatoid arthritis. 
Bulletin of the NYU Hospital for Joint Diseases. 2012;70(Suppl 1):21-25
[130] Czock D, Keller F, Rasche FM, Häussler U. Pharmacokinetics and pharmacodynamics 
of systemically administered glucocorticoids. Clinical Pharmacokinetics. 2005;44:61-98
[131] Brassard P, Bitton A, Suissa A, Sinyavskaya L, Patenaude V, Suissa S. Oral corticoste-
roids and the risk of serious infections in patients with elderly-onset inflammatory 
bowel diseases. The American Journal of Gastroenterology. 2014;109:1795-1802
[132] LaPier TK. GC-induced muscle atrophy. The role of exercise in treatment and preven-
tion. Journal of Cardiopulmonary Rehabilitation. 1997;17:76-84
[133] Price SR, Du JD, Bailey JL, Mitch WE. Molecular mechanisms regulating protein turn-
over in muscle. American Journal of Kidney Diseases. 2001;37(1 suppl. 2):S112-S114
[134] Frost RA, Lang CH. Regulation of insulin-like growth factor-I in skeletal muscle and 
muscle cells. Minerva Endocrinologica. 2003 Mar;28(1):53-73
[135] Ma K, Mallidis C, Bhasin S, Mahabadi V, Artaza J, Gonzalez-Cadavid N, Arias J, 
Salehian B. Glucocorticoid-induced skeletal muscle atrophy is associated with upregu-
lation of myostatin gene expression. American Journal of Physiology Endocrinology 
and Metabolism. 2003 Aug;285(2):E363-E371
[136] Miller ML. Glucocorticoid-induced myopathy, UpToDate 2013
[137] Dardevet D, Sornet C, Savary I, Debras E, Patureau-Mirand P, Grizard J. Glucocorticoid 
effects on insulin- and IGF-I-regulated muscle protein metabolism during aging. The 
Journal of Endocrinology. 1998 Jan;156(1):83-89
[138] LaPier TK. Glucocorticoid-induced muscle atrophy. The role of exercise in treatment 
and prevention. Journal of Cardiopulmonary Rehabilitation. 1997;17:76-84
[139] Oikarinen A, Autio P, Kiistala U, Risteli L, Risteli J. A new method to measure type I 
and III collagen synthesis in human skin in vivo: Demonstration of decreased collagen 
synthesis after topical GC treatment. The Journal of Investigative Dermatology. 1992 
Feb;98(2):220-225
[140] Kolbe L, Kligman AM, Schreiner V, Stoudenmayer T. Corticosteroid-induced atro-
phy and barrier impairment measured by non-invasive methods in human skin. Skin 
Research and Technology. 2001 May;7(2):73-77
[141] Ammar NM, Rao B, Schwartz RA, Janniger CK. Cutaneous striae. Cutis. 2000;65:69-70
Side Effects of Glucocorticoids
http://dx.doi.org/10.5772/intechopen.72019
123
[142] Truhan AP, Ahmed AR. Corticosteroids: A review with emphasis on complications of 
prolonged systemic therapy. Annals of Allergy. 1989;62:375-391
[143] Colomb D. Stellate spontaneous pseudoscars. Senile and presenile forms: Especially those 
forms caused by prolonged corticoid therapy. Archives of Dermatology. 1972;105:551-554
[144] Wolkowitz OM. Prospective controlled studies of the behavioral and biological effects 
of exogenous corticosteroids. Psychoneuroendocrinology. 1994;19:233-255
[145] Curtis JR, Westfall AO, Allison J, et al. Population-based assessment of adverse events 
associated with long-term glucocorticoid use. Arthritis and Rheumatism. 2006;55:420-426
[146] Wung PK, Anderson T, Fontaine KR, et al. Effects of glucocorticoids on weight change 
during the treatment of Wegener’s granulomatosis. Arthritis and Rheumatism. 2008; 
59:746-753
[147] Fietta P, Fietta P, Delsante G. Central nervous system effects of natural and synthetic 
glucocorticoids. Psychiatry and Clinical Neurosciences. 2009 Oct;63(5):613-622
[148] Minden SL, Orav J, Schildkraut JJ. Hypomanic reactions to ACTH and prednisone 
treatment for multiple sclerosis. Neurology. 1988;38:1631-1634
[149] Fardet L, Petersen I, Nazareth I. Suicidal behavior and severe neuropsychiatric dis-
orders following glucocorticoid therapy in primary care. The American Journal of 
Psychiatry. 2012;169:491-497
Pharmacokinetics and Adverse Effects of Drugs - Mechanisms and Risks Factors124
